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i

METHOD OF DETERMINING THE PHYSICAL
CHARACTERISTICS OF A SEA FLOOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to penetrometers and
more specifically to such penetrometers utthzing the
doppler etiect. -

2. Description of the Prior Art

Penetrometers have been used for years to gather
technical information concerning sea floor characteris-
tics. Prior art instrumentation utilized accelerometers,
signal conditioning equipment, amplifiers and record-
ers which were packaged in single atmosphere enclo-
sures attached to the accelometer. The cost of the
instrumentation was high and it was necessary to re-
cover the penetrometer and instrumentation package.
This was done by attaching a load bearing cable to the
vehicle to recover it after completion of its mission.
This cable, capable of pulling the vehicle from the
ocean bottom, produced drag as the vehicle fell toward
the bottom which reduced its terminal velocity, thereby
restricting its usefulness. Tape recorders, due to the
high gravity forces encountered during deceleration
are not capable of properly recording the data.

Another prior art method used the same costly in-
strumentation attached to an expendable penetrome-
ter. Electrical analogs of the desired parameters are
transmitted over a very small cable con51st1ng of several
wires. The breaking strength of this cable is one-half
pound. It is spooled on two spools; one riding the vehi-
cle and the other on the surface ship, both paying out
cable simultaneously. Its success depended on the in-
tegrity (physical and electrical) of the spool cable.
Electrically, the cable is basically a low pass distrib-
uted, constant, resistance-capacitance filter undesir-
able for the purpose of transmitting information from
the penetrometer to the surface. Failure occurred due
to breakage of the conductors in the environment.

SUMMARY OF THE INVENTION

The present invention is a method of determining the
physical characteristics of a sea floor. One embodiment
of the present invention utilizes an acoustical transmit-
ter contained in a free falling penetrometer to trans-
duce and transmit an electrical analog of the desired
physical parameters of a sea floor to a surface receiver.
By utilizing the heterodyne principle, the acoustic sig-
nal received from the acoustic transmitter translates
the physical dynamics of the penetrometer as it pene-
trates the sea floor to an electrical analog of this data
which, together with an appropriate time base, may be
recorded on a magnetic tape, thus providing a perma-
- nent record of the desired dynamics of the penetrome-
ter from a time immediately preceding the striking of
the sea floor surface until the penetrometer comes to
rest in the sea tloor.

Accordingly, one object of the present invention 1s to
provide a method of determining the physical charac-
teristics of a sea floor.

Another object of the present invention is to provide
both physical and electrical integrity.

A still further object of the present invention is to
reduce cost while increasing efficiency.

One other object of the present invention is to In-
crease relhability.
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Other objects and a more complete appreciation of
the present invention and its many attendant advan-
tages will develop as the same becomes better under-
stood by reference to the following detailed descnptlon
when considered in connection with the accompanying
drawings in which like reference numerals designate
like parts throughout the figures thereof and wherein.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevation illustrating one embodiment
of the present invention.

FIG. 2 is a schematic of the electrical acoustic signal
processing equipment in one embodiment of the pre-
sent invention.

FIG. 3 is a schematic of the heterodyne receiver
contained in the circuitry of FIG. 2.

FIG. 4 is a side elevation of a second embodiment of

the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 1 illustrates a projectile or penetrometer 10.
Projectile 10 has an clongated body 12 of a known
specific size, weight and shape. When released into the
sea, body 12 falls freely. Its terminal velocity while 1n
free fall as well as in other physical dynamics are
known.

Body 12 contains body cavity 14. Attached to the
end of body 12 is fin assembly 16. Fin assembly 16

30 contains four fins for stabilizing body 12 while body 12
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is descending toward the sea floor.

Contained in body 12 is acoustic amplifier and bat-
tery power supply section 18 and acoustic transducer
20. Acoustic transducer 20 emits a constant frequency
signal, e.g., 12 Kilohertz. Acoustic transducer 20 is
disposed such that the acoustic signal emitted there-
from is directed upward toward the sea surface.

The projectile or penetrometer 10 is released near
the surface of the sea and descends in free fall toward
the sea floor. Upon striking the sea floor, the penetrom-
eter 10 will penetrate into the sea floor and come to a
rest therein.

The method of this invention utilizes the doppler
principle to transduce the dynamic physical parameters
of the sea floor from an apparent or doppler frequency
shift. Penetrometer 10 in free fall carrys the transducer
20 away from a receiver located near the sea surface at
an ever increasing rate until a teiminal velocity has
been reached. The apparent or doppler frequency shift
which, in this case is negative with reference to 12 KHz,
now will remain a constant until penetrometer 10
strikes the sea floor and begins to slow in velocity. As
the penetrometer begins to slow in velocity, the appar-
ent or doppler frequency shift is now in a positive direc-
tion toward 12 KHz, and when the vehicle comes to
rest, the received frequency will be 12 KHz.

Now turning to FIG. 2, signal processing equipment
22 is illustrated in schematic form. Acoustic transducer
20, located within hollow body 12, transmits a 12 KHz
signal through the sea to heterodyne receiver 24. Of
course, the signal received by receiver 24 is less than 12
KHz due to the doppler shift, as explained supra.

Heterodyne receiver 24 outputs a heterodyned signal
on lines 26 and 28. Heterodyne receiver 24 has a band-
width of approximately 11,500 to 12,500 Hz. It is noted
that the specific frequencies disclosed herein are for
the purpose of illustrating Applicant’s invention and
are not intended as the only or most desirable frequen-
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cies available. The heterodyned signal on lines 26 and
28 is between 4.5 and 4.8 KHz in frequency. The het-
erodyned signal on line 26 is directed to tape recorder
32. The heterodyned signal on line 28 inputs discrimi-
nator 30.

Discriminator 30 is a frequency-modulated discrimi-
nator having a center frequency of approximately 4.8
KHz whose output on line 34 is a direct current analog
of the velocity, either positive or negative, of pene-
trometer 10. The direct current analog signal on line 34
is filtered via filter 36 and passed via line 38 to tape
recorder 32.

Also, inputting tape recorder 32 is time scale genera-
tor 40.

Now turning to FIG. 3, heterodyne receiver 24 is
shown in greater detail. Hydrophone 50 receives the
acoustic signal transmitted from acoustic transducer 20
located in penetrometer 10. The signal from hydro-
phone 50 inputs amplifier 52 on line 54. The output of
amplifier 52 inputs mixer 56 via line 58. Also, inputting
mixer 56 on line 57 is a local oscillator signal from local
oscillator 60. The A-C signal from local oscillator 60
has a specific frequency, fo, €.g., 7.2 KHz. The output
of mixer 56 on line 62 is a signal containing the sum
and difference of the received signal on line 58 and the
local oscillator signal f,,. A signal on line 62 is filtered in
this case to eliminate the summed frequency by filter
64. The filter output signal on line 66 is then amplified
by amplifier 68. Amplifier 68 had outputs 26 and 28
corresponding to outputs 26 and 28 of FIG. 2. Assum-
ing, for example, that acoustic transducer 20 outputs a
12 KHz signal, local oscillator signal f, can be set at
approximately 7.2 KHz, thereby causing an A-C signal
of approximately 4.8 KHz to appear on lines 26 and 28.
Of course, even though acoustic transducer 20 outputs
a constant 12 KHz signal, due to the doppler effect the
signal received by hydrophone 50 will be less than 12
KHz, as explained supra.

Assuming the received signal from acoustic trans-
ducer 20 is exactly 12 KHz, then the signal on line 66
will be 4,800 Hz. Discriminator 30 has a center fre-
quency of approximately 4,800 Hz with a bandwidth of
approximately 250 Hz on either side of the center fre-
quency. Thus, heterodyne receiver 24 lowers the fre-
quency of the information signal, thus providing
greater sensitivity to the signal transmitted to tape re-
corder 32 via line 38 since the discriminator has only a
250 Hz bandwidth on eigher side of its center fre-
quency.

Now turning to FIG. 4, penetrometer 10 is illustrated
showing a further embodiment of the present inven-
tion. Penetrometer 10 is comprised of elongated body
12 having a hollow body cavity 14 therein. Fin assem-
bly 16 is disposed near the rear of body 12. Contained
in body 12 are acoustic amplifier and battery power
supply section 18 and acoustic transducer 20. Located
near nose section 80 of body 12 is impeller 82 which 1s
attached to shaft 84. Shaft 84 extends from inside body
cavity 14 to outside body cavity 14 where shaft 84 is
rigidly affixed to impeller 82. Shaft 84 rotates with
respect to body 12 about bearings 86. Shaft 84 me-
chanically inputs tachometer 88. Tachometer 88 out-
puts a DC signal which is functionally related to the
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rotation of impeller 82 as transmitted to tachometer 88
via shaft 84. The DC signal output from tachometer 88
inputs voltage control oscillator 90 via line 92. Voltage
control oscillator 90 outputs an AC signal to acoustic
amplifier 18. Of course, the frequency of the signal
from voltage control oscillator 90 varies with the DC
level of the signal inputing voltage control oscillator 90
on line 92. Thus, the frequency of the acoustical signal
transmitted into the water by acoustic transducer 20 is
functionally related to the speed of rotation of propel-
ler 82, thereby giving an indication of the speed of body
12 through the water since the speed of rotation of
impeller 82 is functionally related to the speed of body
12 through the sea. |

It will be appreciated by those having ordinary skill in
the art that the complete circuit diagram of FIGS. 2 and
3 includes such suitable and necessary calibration as 1s
usually provided in such circuits, and the penetrome-
ters of FIGS. 1 and 4 include such suitable and neces-
sary water-proofing means as is usually provided In
such devices. .

Obviously numerous modifications and variations of
the present invention are possible in light of the above
teachings. It is therefore to be understood that within
the scope of the appended claims the invention may be
practiced otherwise than as specifically described
herein. :

What is claimed is:

1. A method of determining the physical characteris-

tics of the sea floor comprising the steps of:

a. providing a body of known size, weight, and shape
capable of generating and transmitting acoustical
signals;

b. releasing said body into the sea such that said body
descends in free fall until it strikes and penetrates
the sea floor coming to rest therein,

c. directing said acoustic signals substantially verti-
cally upward from said body;

d. receiving said acoustic signals in receivers dis-
posed near the sea surface; and

e. generating from said received acoustic signals,
utilizing the doppler effect, a direct-current analog
signal which is a function of the velocity of said
body from a time immediately preceding said
body’s striking the sea floor surface until said body
comes to rest in the sea floor, thereby obtaining an
indication of the physical characteristics of the sea
floor.

2. The method of claim 1 comprising the further step

of recording said direct-current analog signal.

3. The method of claim 2 comprising the further

steps of:

a. generating a time scale signal; and

b. recording said time scale signal in conjunction with
said direct-current analog signal.

4. The method of claim 1 wherein said step of gener-

ating further comprises the steps of:

a. heterodyning said received acoustic signals,
thereby generating a heterodyned signal; and

b. passing said heterodyned signal through a discrimi-
nator, thereby generating said direct-current ana-

log signal.
. % * ¥ *
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